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Summary

Monocyte subsets with differing functional properties have been defined

by their expression of CD14 and CD16. We investigated these subsets in

anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis (AAV)

and determined their surface expression of ANCA autoantigens. Flow

cytometry was performed on blood from 14 patients with active AAV, 46

patients with AAV in remission and 21 controls. The proportion of

classical (CD14highCD16neg/low), intermediate (CD14highCD16high) and

non-classical (CD14lowCD16high) monocytes and surface expression levels

of CD14 and CD16 were determined, as well as surface expression of

proteinase 3 (PR3) and myeloperoxidase (MPO) on monocyte subsets.

There was no change in the proportion of monocytes in each subset in

patients with AAV compared with healthy controls. The expression of

CD14 on monocytes from patients with active AAV was increased,

compared with patients in remission and healthy controls (P< 0�01).

Patients with PR3-ANCA disease in remission also had increased

monocyte expression of CD14 compared with controls (P< 0�01);

however, levels in patients with MPO-ANCA disease in remission were

lower than active MPO-ANCA patients, and not significantly different

from controls. There was a correlation between CD14 and both PR3 and

MPO expression on classical monocytes in AAV patients (r 5 0�79,

P< 0�0001 and r 5 0�42, P< 0�005, respectively). In conclusion, there was

an increase in monocyte CD14 expression in active AAV and PR3-ANCA

disease in remission. The correlation of CD14 expression with ANCA

autoantigen expression in AAV may reflect cell activation, and warrants

further investigation into the potential for increased CD14 expression to

trigger disease induction or relapse.
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Introduction

Anti-neutrophil cytoplasm antibody-associated vasculitis

(AAV) is a form of necrotizing small vessel vasculitis, associ-

ated with anti-neutrophil cytoplasm antibodies (ANCA)

[1]. Most patients with AAV have ANCA specific for either

proteinase 3 (PR3) or myeloperoxidase (MPO), which are

glycoprotein enzymes present in neutrophil azurophilic

granules and monocyte lysozymes [2,3]. Monocytes have

been less well studied in AAV than neutrophils, but cells of

the monocyte and macrophage lineage are prominent in the

kidneys of patients with AAV, as well as in the granulomas

typical of upper airways and lung involvement in granulo-

matosis with polyangiitis (GPA) [4]. In human peripheral

blood, monocyte subpopulations with distinct functional

properties have been defined by their expression of CD14

and CD16 into classical (CD14highCD16neg/low), intermedi-

ate (CD14highCD16high) and non-classical (CD14lowCD16-
high) [5–7]. CD16 has been identified in two isoforms as

low-affinity Fc receptors for immunoglobulin (Ig)G

involved with immune complex-mediated immune cell

activation and differentiation [8]. Importantly, anti-

neutrophil cytoplasm antibodies have been shown to
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require their Fc portion for cytokine release from neutro-

phils, suggesting a role for Fc-gamma receptors in the

pathogenesis of the disease [9]. CD14 is a Toll-like receptor

(TLR) co-receptor and functions and as an effective pat-

tern recognition receptor involved in innate immune

response to microbial infection [10,11].

While classical monocytes have been found to respond

to bacterial cues with the production of interleukin (IL)-8

and other cytokines, intermediate monocytes were shown

to be the predominant producers of tumour necrosis factor

(TNF)-a in the circulation in response to lipopolysaccha-

ride (LPS) [5,12,13]. The non-classical population accounts

for approximately 7–10% of circulating monocytes in

healthy individuals, and evidence would suggest that these

cells patrol the endothelium and respond to viral antigens

[5,14]. Studies have demonstrated a significantly increased

proportion of intermediate monocytes in various inflam-

matory conditions, such as in patients with rheumatoid

arthritis or patients at high cardiovascular disease risk

[15–17], and studies have examined some data on the

monocyte populations in AAV patients [18,19].

With relevance to classical monocytes, there is an asso-

ciation between bacterial infection and relapse of ANCA

vasculitis (AAV) [20,21], and surface expression of CD14

is relevant in cytokine responses to bacterial lipopolysac-

charide [22]. We have determined the mean fluorescence

intensity (MFI) for CD14, CD16, PR3 and MPO on

monocyte subsets in AAV. PR3-ANCA and MPO-ANCA

disease are distinct genetically as well as phenotypically,

in particular with respect to their tendency to relapse

[23,24]. We have examined the AAV cohort as a whole, as

well as the individual phenotypes, as differential expres-

sion of ANCA antigens on monocyte subsets could help

to explain some of the differences between PR3-ANCA

and MPO-ANCA-associated disease.

Materials and methods

Patients and healthy control subjects

The study received ethical approval from Imperial College

Healthcare NHS Trust’s research ethics committee (04-

Q0406-25). All patients were attending the multi-

disciplinary vasculitis clinic at Hammersmith Hospital

and fulfilled the Chapel Hill Consensus Conference

(CHCC) definitions for AAV [25]. All patients and con-

trols gave written informed consent for the study. For

demographic details of the subjects, including therapy, see

Table 1. Fourteen patients had active AAV (de novo or

relapsing), defined as new clinical features of active vascu-

litis with a Birmingham Vasculitis Activity Score (BVAS)

(2003) score> 3. All patients with active disease had new

or worsening symptoms attributable to vasculitis, requir-

ing a significant change in therapy. Forty-six remission

patients with AAV were included (stable, BVAS 0, except

one patient who had a BVAS of 1 due to nasal symp-

toms). Where possible, blood samples were collected from

patients with active disease prior to starting immunosup-

pression, but seven of 14 were sampled within 4 days of

corticosteroids at a dose greater than 20 mg/day. Five

patients, who presented with active disease, subsequently

gave a second sample after they were in remission.

Patients were classified as having GPA or microscopic

polyangiitis (MPA) based on CHCC criteria, but due to

the difficulties with these clinical definitions ANCA sub-

type at diagnosis was used predominantly in this paper.

Quantification of MPO- and PR3-ANCA was performed

in the clinical immunology laboratory, Imperial College

Healthcare National Health Service (NHS) Trust (Lumi-

nex, Theradiag). Patients in the remission groups were

categorized as MPO or PR3-ANCA disease patients if

they had been either MPO- or PR3-ANCA-positive at the

time of presentation or disease flare. Complete blood

counts were performed concurrently on patients, but not

on healthy controls. Twenty-one healthy controls were

recruited from the staff and students of Imperial College

or Imperial College Healthcare NHS Trust.

Flow cytometry

Whole blood was collected into ethylenediamine tetraace-

tic acid (EDTA) and was stained and fixed within 4 h.

Red cells were lysed using cold-water lysis buffer

(155 mM NH4Cl, 12 mM NaHCO3, 100 mM EDTA;

2 ml blood per patient). Following red cell lysis, leuco-

cytes were resuspended in phosphate-buffered saline

(PBS) containing 0.5% bovine serum albumin (BSA) at a

concentration of 50 3 106/ml or less. Cells were stained

with the following antibodies at a concentration of 1 ml/

50 ml cell suspension for all antibodies except HLA-DR

(4 ml/50 ml cells), based on previous titration studies.

Samples were stained in duplicate with peridinin

chlorophyll-cyanin 5�5 (PerCP-Cy5�5) anti-human leuco-

cyte antigen D-related (HLA-DR) (clone G46-6), phycoer-

ythrin (PE)-Cy7 anti-CD16 (clone B73.1), Alexa Fluor

700 anti-CD14 (clone M5E2) (all BD Biosciences, San

Jose, CA, USA). In addition, samples were stained either

with PE anti-human myeloperoxidase (MPO) (clone 5B8,

BD Biosciences) or fluorescein isothiocyanate (FITC) anti-

PR3 (clone PR3-G2) (Cambridge Biosciences, Cambridge,

UK). An isotype control was used, FITC P3, IgG1j (Affy-

metrix Biosciences, Santa Clara, CA, USA). Monocytes

were stained in duplicate (mix 1: CD14, CD16, HLA-DR,

MPO; mix 2: CD14, CD16, HLA-DR, PR3) and isotype

control mix. The mean percentages of monocytes of each

subset and the MFI for CD14 and CD16 were calculated

by taking the average of the readings from mix 1 and mix

2. Cells were stained for 15 min in the dark, followed by

fixation with 150 ml 4% paraformaldehyde, before flow

R. M. Tarzi et al.

66 VC 2015 British Society for Immunology, Clinical and Experimental Immunology, 181: 65–75



cytometry on a BD Accuri C6 flow cytometer. The

machine was calibrated with quality control beads before

running samples. Based on each single-stain and

unstained samples, appropriate colour compensation was

used for correcting spectral overlap and autofluorescence.

Fluorescence activated cell sorter (FACS) analysis was per-

formed using BD Accuri C6 software.

Monocyte gating

Monocytes were initially gated based on size and granularity

(Supporting information, Fig. S1). To exclude cell doublets,

cells were gated by plotting surface area (FSC) against width

signal intensity. Monocytes were gated as HLA-DR-positive.

Within this gate, monocytes were separated based on their

expression of CD14 and CD16; this DRbrightCD14posCD16-
pos gating strategy has been described previously to be opti-

mized for gating monocyte subsets [26]. B cells and

circulating dendritic cells expressing HLA-DR but not CD14

or CD16 were represented as CD14negCD16neg. Those cells

were excluded and the percentages of monocytes of each

subset were calculated. In addition, the MFI for CD14 and

CD16 were calculated for each quadrant and for the total

Table 1. Demographic information for anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis (AAV) subjects and controls

ANCA type Active (n 5 14) Remission (n 5 46) Controls (n 5 21)

Age: median (interquartile

range)

52 (37–78) 59 (49–68) 42 (30–55)

Gender (male : female) 9:5 28:18 10:11

ANCA type at diagnosis

(MPO : PR3)

7:7 21:25 n.a.

New presentation : relapse 11 : 3 n.a. n.a.

Time since diagnosis (years)

by serotype

MPO 3�1 (0�9–7�2) n.a.

PR3 5�7 (1�5–12�5)

No. ANCA-positive at time

of testing (%)

MPO 7 (100%) 17/21 (81%) n.a.

PR3 7 (100%) 17/25 (68%)

Median creatinine (mmol/l)

(interquartile range)

MPO 204 (132–356) 128 (76–152) Not tested

PR3 84 (61–532) 88 (75–126)

Median eGFR ml/min/

1�73 m2 (interquartile

range)

MPO 23 (11–48) 48 (36–74) Not tested

PR3 62 (11–90) 72 (52–89)

Clinical phenotype 6 MPA 16 MPA n.a.

8 generalized GPA 26 generalized GPA

3 localized GPA

1 EGPA

Total WBC at time of test

(interquartile range)

MPO 11�0 (9�2–16�4) 7�6 (6�4–8�9) Not tested

PR3 13�2 (10�8–18�4) 7�6 (6�4–10�0)

Neutrophil count

(interquartile range)

MPO 8�0 (7�1–12�3) 5�5 (4�1–6�8) Not tested

PR3 11�8 (7�7–15�7) 5�3 (4�5–8�5)

Monocyte count

(interquartile range)

MPO 0�8 (0�5–1�4) 0�6 (0�5–0�7) Not tested

PR3 0�8 (0�5–1�0) 0�6 (0�5–1�0)

CRP at test (mg/l) MPO 20 (3–61) 1�2 (0�8–3�1) Not tested

PR3 56 (39–197) 2�9 (1�5–7�5)

BVAS at test median

(interquartile range)

MPO 14 (12–16) 0 (0–0) n.a.

PR3 18 (8–20) 0 (0–0)

Median steroid dose in

remission (mg)

(interquartile range)

MPO n.a. 5 (0–5�6) n.a.

PR3 7�5 (2�5–10)

Treatment at time of test Nil: 5 Nil: 2 n.a.

Pred<10 mg/day 1MMF or

MTX 2

Pred< 10 mg/day alone: 4

Aza alone: 8

Pred>20 mg/day (started

within 4 days) 7

MMF alone: 2

Low-dose pred 1 aza: 18

Low-dose pred 1 MMF: 9

Low-dose pred 1 MTX: 3

Pred 5 prednisolone; aza 5 azathioprine; MMF 5 mycophenolate mofetil; MTX 5 methotrexate; Ritux 5 Rituximab; Methyl pred 5 methyl

prednisolone pulse 500 mg; GPA 5 granulomatosis with polyangiitis; MPA 5 microscopic polyangiitis; MPO 5 myeloperoxidase ANCA;

PR3 5 proteinase 3 ANCA; CRP 5 C-reactive protein; BVAS 5 Birmingham Vasculitis Activity Score; eGFR 5 estimated glomerular filtration rate;

n.a. 5 not available; WBC 5 white blood cells.

Monocyte CD14 in ANCA-associated vasculitis
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monocytes, shown in the Supporting information, Fig. S1a.

The MFI for PR3 and MPO was calculated for individual

subsets, and for the whole monocyte population. Isotype

control expression for CD14, CD16, PR3 and MPO were

subtracted from the MFI for each subject. Examples of

monocyte subsets in healthy donor and active AAV patients

are shown in Supporting information, Fig. S1. Note the

increase in the x-axis and shift to the right (increased

CD14) in the AAV patient plot.

Statistical analysis

Non-parametric statistics were used throughout. For com-

paring two groups, the Mann–Whitney U-test was used.

For comparing three or more groups the Kruskal–Wallis

test was used, with correction for multiple comparisons.

Differences were not statistically significant (P< 0�05)

unless indicated otherwise. The correlations were per-

formed using Spearman’s rank test. Statistics and correla-

tions were performed using GraphPad Prism version 6.

Lines on graphs represent median 6 interquartile range.

Results

Demographic and clinical information

Demographic and clinical data are presented in Table 1.

The median age of active AAV patients was 52, remission

AAV patients 59 and controls 42 years. Patients were sub-

divided according to ANCA specificity, clinical syndrome

and extent of disease (localized or systemic). In the active

group, 50% were PR3-ANCA positive, 50% MPO-ANCA

positive. Overall, the median BVAS in the active patients

was 16 (interquartile range 5 12–19). Median BVAS in

the remission patients was 0 (range 5 0–1), with one

patient scoring> 0 for persistent symptoms. Of the active

patients, five of 14 were taking no immunosuppressive

therapy at the time of testing, and two of 14 were on

low-dose immunosuppression. The other seven active

patients had started on high-dose prednisolone within 4

days of testing (Table 1). Treatment for the remission

patients is listed in Table 1. It is notable that the median

steroid dose for the PR3-ANCA patients in remission

[7�5 mg/day (interquartile range 5 2.5–10)] was slightly

higher than the MPO-ANCA positive patients (5 mg,

interquartile range 5 0–5�6). The majority of remission

patients in this cohort remained ANCA-positive at the

time of sampling (81% of the patients with MPO-ANCA

disease and 68% of the PR3-ANCA disease patients). The

median time since diagnosis for the remission patients

was 3�1 years for the MPO-ANCA patients and 5�7 years

for the PR3-ANCA patients (Table 1).

Monocyte subsets in AAV patients

There was no significant change in the proportion of

monocytes of classical, intermediate and non-classical

phenotypes as a percentage of total monocytes when

comparing patients with active AAV or remission AAV to

controls (Fig. 1a–c). This was also true when the patients

were subdivided into MPO-ANCA and PR3-ANCA dis-

ease (Supporting information, Fig. S2). AAV patients (but

not controls) had contemporaneous complete blood

count measurements. The median total white blood count

in the patients with active AAV was 13 3 109/l

Fig. 1. Monocyte subsets in patients with anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis (AAV). Peripheral blood was collected

from healthy subjects (Con), AAV patients in remission (Rem) or AAV patients with active disease (Act). Percentages and absolute numbers of

monocyte subsets were phenotyped by flow cytometry in each subject in duplicate, as described in Methods (also see Supporting information,

Fig. S1). Each dot in the graphs represents an individual subject. (a–c) Percentage of total monocytes of (a) classical; (b) intermediate and (c)

non-classical phenotype as a percentage of the total monocytes for each patient or healthy control. For breakdown by ANCA subtype see

Supporting information, Fig. S2. (d–f) Absolute numbers of monocytes of each phenotype in patients with AAV in remission or active AAV.

Horizontal line represents the median.
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(interquartile range 10–17). The median monocyte counts

for the patients with active disease [0�8 3 109/l, inter-

quartile range 5 0�5–1)] was within, but at the upper end,

of the reference range for the clinical laboratory at our

hospital (0�3–0�9 3 109/l), while the median neutrophil

count in the active patients was raised at 9 3 109/litre

(interquartile 5 range 7–13) (normal reference range at

2�0–7�1 3 109/l). Absolute monocyte subset counts were

calculated for patients with active AAV and AAV in remis-

sion (Fig. 1d–f). There was an apparent increase in the

absolute number of classical monocytes in the patients

with active AAV compared with patients in remission

(P< 0�05), although there was no increase in the absolute

number of intermediate monocytes or non-classical

monocytes. The difference in classical monocyte numbers

in active disease was small, and requires confirmation in

a larger cohort.

Expression of CD16 on monocyte populations

In order to investigate CD16 expression on monocytes in

AAV, the MFI for CD16 was calculated for each monocyte

subset, and the monocyte population as a whole, for con-

trols and patients with AAV (Fig. 2). There was a small but

statistically significant decrease in classical monocyte CD16

expression in patients with AAV in remission compared

with those with active disease (Fig. 2b). However, the differ-

ence between MPO-ANCA patients in remission and the

control subjects was not significantly different (Fig. 2b). In

order to investigate a possible cause for this, monocyte

CD16-MFI was correlated with steroid dose, but no correla-

tion was seen (Supporting information, Fig. S4b). A statisti-

cally significant increase in CD16-MFI was seen in

intermediate monocytes in MPO-ANCA patients in remis-

sion compared with healthy controls. However, due to the

multiple comparisons and the high variance of this particu-

lar reading, this is not thought to be a biologically relevant

change. Overall, the results are consistent with the results

presented in Fig. 1, that there was no consistent change in

the proportion of classical, intermediate or non-classical

monocytes in patients with AAV based on CD16 expression.

Expression of CD14 was increased in monocytes of
patients with active AAV and PR3-ANCA vasculitis
patients in clinical remission

We then went on to examine the expression of CD14 on

monocytes in patients with AAV and healthy controls

(Fig. 3 and Supporting information, Fig. S1a). Patients

with active AAV were found to have an increased MFI for

CD14 on their classical and intermediate monocytes

compared with patients in remission or healthy controls

(Fig. 3a–c, e–g), while there was no significant difference

in the low levels of CD14 expression on non-classical

monocytes (Fig. 3d, h). Regarding the remission patients,

there was an interesting discrepancy between patients

with PR3-ANCA disease and those with MPO-ANCA dis-

ease (Fig. 3a–h). While CD14 expression on monocytes

from MPO-ANCA patients in remission was not raised

compared with controls, and in fact showed an apparent

decrease in classical and intermediate monocytes compared

with active disease (Fig. 3e–g), the mean MFI for CD14

Fig. 2. Median fluorescence intensity for CD16 in all monocytes and subsets. Blood monocytes (all monocytes, classical, intermediate and non-

classical subsets) were analysed for CD16 expression by flow cytometry in all anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis

(AAV) patients (a–d) or patients with proteinase 3 (PR3)-ANCA disease at diagnosis (e–h) or myeloperoxidase (MPO)-ANCA disease (i–l) (see

Methods). (a–d) Monocytes in all AAV patients (n 5 21 controls, 46 remission, 14 active); (e–h) monocytes in PR3-ANCA patients (n 5 21

controls, 25 remission and seven active); i–l) monocytes in MPO-ANCA patients (n 5 21 control, 21 remission and seven active). Differences

were not statistically significant by one-way analysis of variance (ANOVA) (Kruskal–Wallis test) and post-test unless indicated otherwise. Bars

represent the median 6 interquartile range. Note change in y-axis scale for classical monocytes.
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remained elevated on the classical and intermediate mono-

cytes of patients with PR3-ANCA disease (Fig. 3a–c)

(P< 0�01 for all monocytes, P< 0�05 for classical mono-

cytes and P< 0�05 for intermediate monocytes). However,

the MFI for CD14 in PR3-ANCA patients in remission

was significantly lower than that seen in the PR3-ANCA

patients with active disease (P< 0�05 for classical and

intermediate monocytes, Fig. 3a–c). These results demon-

strate that CD14 expression is increased in classical and

intermediate monocytes in patients with active AAV, and

that the phenotype does not normalize completely in

patients with PR3-ANCA disease while it does in MPO-

ANCA disease, which may suggest an element of ongoing

monocyte activation in some patients with PR3-ANCA dis-

ease in clinical remission. In this study, the majority of the

patients in remission who were tested remained ANCA-

positive. Interestingly, when we subdivided the remission

patients into those who were persistently ANCA-positive

compared with those who were ANCA-negative at the time

of testing, there was no significant difference in the MFI

for CD14, suggesting that ANCA itself was not the deter-

mining factor in the CD14 MFI (Supporting information,

Fig. S3). As the median steroid dose was slightly higher in

the remission MPO patients than the remission PR3-

ANCA patients, steroid dose was also correlated against

CD14 and CD16. No correlation was seen (Supporting

information, Fig. S4).

Expression of ANCA autoantigens on monocyte
subsets

The relative expression of PR3 and MPO on different

monocyte subsets has not been defined previously. This

may be of relevance, as the surface expression of the auto-

antigens may influence the ability of ANCA to interact

with the cells. While most PR3 and MPO expression will

be intracellular, we noted surface expression on monocyte

subsets in healthy donors (Supporting information, Fig.

S1b). There was differential expression of ANCA autoanti-

gens among the monocyte subsets in both healthy controls

and AAV patients (Fig. 4a–f). The expression of PR3 was

highest in classical and intermediate monocytes, with lower

levels of surface expression on non-classical monocytes

(Fig. 4a, c). In contrast, the expression of MPO was signifi-

cantly higher in intermediate monocytes than in classical

monocytes (Fig. 4b, d). These differences were apparent in

patients with AAV and controls, and the differences in

expression levels of ANCA autoantigens may affect the

ability of ANCA of different specificities to interact with

monocyte subsets.

Surface expression of PR3 and MPO was quantified in

11 of 14 patients with active AAV. Due to variability in

the data and the smaller cohort, the differences in this

group were not statistically significant (Fig. 4e–f). Inter-

estingly, five of 11 active patients did not have detectable

MPO on the monocyte surface. In the other six patients,

the pattern of expression among the monocyte subsets

was broadly similar to the remission patients. The reason

for the apparent reduction in MPO expression on the

monocytes from active patients would require investiga-

tion in a larger cohort.

There was a correlation between monocyte CD14
expression and PR3 and MPO expression in patients
with AAV

We then determined whether or not there was a correla-

tion between monocyte CD14 expression and membrane

expression of PR3 and MPO (Fig. 5a–h). In healthy con-

trols, there was no correlation between the MFIs for PR3

and CD14 [r 5 0�23, P = not significant (n.s.)] or MPO

Fig. 3. Median fluorescence intensity for CD14 in all monocytes and subsets. Blood monocytes (all monocytes, classical, intermediate and non-

classical subsets) were analysed for CD14 expression by flow cytometry in anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis

(AAV) patients (see Methods). (a–d) Monocytes in proteinase 3 (PR3)-ANCA patients (n 5 21 controls, 25 remission and seven active); (e–h)

Monocytes in myeloperoxidase (MPO)-ANCA patients (n 5 21 control, 21 remission and seven active). Statistics quoted were measured by one-

way analysis of variance (ANOVA) (Kruskal–Wallis test and post-test). Bars represent the median 6 interquartile range.
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and CD14 (r 5 0�36, P = n.s.) (Fig. 5a,b). However, in

patients with AAV, there was a strong correlation between

MFI for PR3 and CD14 (r 5 0�79, P< 0�0001) and a

weaker correlation between MPO and CD14 (r 5 0�42,

P< 0�005), Fig. 5c,d. There was a stronger correlation

between CD14 and PR3 expression than CD14 and MPO

expression for both PR3-ANCA and MPO-ANCA patients

(Fig. 5e–h).

Discussion

Monocytes have been implicated in the pathogenesis of

AAV, as they localize to histological lesions [27], express

ANCA autoantigens [28] and secrete proinflammatory

cytokines in response to ANCA in vitro [9,29]. In this

study, we have demonstrated an increase in surface CD14

expression on monocytes in patients with active AAV, as

well as PR3-ANCA disease in clinical remission. CD14 is

a glycosyl-phosphatidyl inositol-linked receptor, and acts

as a co-receptor for LPS, expressed on the surface of

Gram-negative bacteria [11]. Two previous studies have

found that incubation of monocytes with ANCA in vitro

increased monocyte expression of CD14 [30,31]. In one

study, incubation of monocytes with monoclonal mouse

anti-human PR3-ANCA increased CD14 expression, and

enhanced the production of cytokines in response to LPS

challenge [30]. In the second study, incubation of isolated

monocytes with c-ANCA- or p-ANCA-positive IgG from

patients with active vasculitis increased the expression of

CD14 [31]. Taken together with our results, monocytes in

patients with active AAV may be primed to respond to

Gram-negative infection or to endogenous damage-

associated molecules (DAMPS) ligating TLR-4, which

could potentially aggravate local inflammation in AAV.

The monocyte CD14-MFI was reduced in the MPO-

ANCA patients in remission, whereas it remained higher

than in healthy donors among the PR3-ANCA-positive

patients. This is despite the fact that most of the remis-

sion patients recruited to this study (both MPO-ANCA

and PR3-ANCA patients) were still ANCA-positive at the

time of testing. There is evidence that the epitope speci-

ficity of MPO-ANCA changes between active disease to

Fig. 4. Median fluorescence intensity for

proteinase 3 (PR3) and myeloperoxidase (MPO)

on monocyte subsets in healthy controls and

anti-neutrophil cytoplasm antibody (ANCA)-

associated vasculitis (AAV) patients in remission.

Blood monocyte subsets (classical, intermediate

and non-classical subsets) were analysed for PR3

and MPO expression by flow cytometry in all

healthy subjects (controls; n 5 21) and all AAV

patients in remission (n 5 43) and AAV patients

at the time of active disease (n 5 11). (a–b)

Monocytes subsets in controls. (c–d) Monocyte

subsets in AAV patients in remission. (e–f) AAV

patients with active disease. Kruskal–Wallis test

with post-test was performed for each graph. Bars

represent the median 6 interquartile range.
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remission [32]; therefore, if ANCA is directly driving the

CD14 expression, a change in antibody affinity or epitope

specificity may be important in the normalization of the

phenotype in MPO-ANCA patients in remission. It is

also possible that the increased CD14 expression reflects

monocyte activation, but that it is not driven directly by

ANCA. When PR3-ANCA patients in remission were sub-

divided into those who were ANCA-positive or -negative

at the time of testing, there was no difference in CD14

MFI between the two groups, which suggests that mono-

cyte CD14 was not related directly to ANCA status. This

may present the hypothesis that PR3-ANCA AAV patients

have a chronic inflammatory process during clinical

remission, and that this chronic inflammation is reflected

in activated monocytes. It is notable that the PR3-ANCA

patients were on a higher median dose of prednisolone in

remission (7�5 mg/day) compared with the MPO-ANCA

patients (5 mg/day), despite a longer duration of disease

in the PR3-ANCA remission patients, which suggests that

their disease was less well controlled, and is consistent

with this hypothesis. Another hypothesis would be that

chronic infection in the sinuses, nose and upper airways

affected in PR3-ANCA patients could drive chronic

monocyte activation in remission PR3-ANCA patients. In

this context, it is interesting to note that in addition to

ANCA, peptidoglycan of Staphylococcus aureus and LPS

itself have also been shown to up-regulate CD14 expres-

sion on monocytes [22,33]. Infections and nasal coloniza-

tion with S. aureus have been linked to relapse of GPA

[20,21], and treatment with co-trimoxazole was effective

in reducing relapse rates in these patients [34].

Most of the patients in this study were on immuno-

suppression, and glucocorticoid treatment has been

reported to suppress monocyte CD14 expression [35].

Five of 14 of the active patients were not yet on cortico-

steroids when the samples were taken, and two were on

maintenance doses (10 mg per day or less). Of the remis-

sion patients, 34 of 46 were on low-dose corticosteroid

treatment. It is a drawback of our study that we were

unable to sample all patients off treatment; however, if it

is indeed the case that corticosteroids reduce the expres-

sion of CD14 then our results are likely to be more sig-

nificant, and also relevant in a real-life clinical situation.

MFI for CD14, CD16, PR3 and MPO were not associated

significantly with steroid dosage at the time of testing

(Supporting information, Fig. S4).

No difference in the MFI for CD16 on monocytes

from all subsets or in the proportion of CD16-expressing

monocytes was found between AAV patients and controls.

However, there was a statistically significant increase in

Fig. 5. Correlation of CD14 expression with

proteinase 3 (PR3) and myeloperoxidase (MPO)

expression on classical monocytes in healthy

controls and anti-neutrophil cytoplasm antibody

(ANCA)-associated vasculitis (AAV) patients.

Classical monocytes were analysed for CD14, PR3

and MPO expression in healthy subjects and in

AAV patients. Closed circles 5 remission AAV

patients, open circles 5 active AAV patients. Each

dot represents individual subject. (a–b)

Correlation between CD14 and PR3 (a) or MPO

(b) in healthy subjects. (c–d), Correlation

between CD14 and PR3 (c) or MPO (d), in all

AAV patients. (e–f) Correlation between CD14

and PR3 (e) or MPO (f), in PR3-ANCA patients.

(g–h) Correlation between CD14 and PR3 (g) or

MPO (h), in MPO-ANCA patients. Spearman’s

rank test was used for correlations.
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the overall absolute numbers of monocytes in patients

with active AAV compared with patients in remission. In

agreement with our results, previous studies examining

patients with AAV in remission also found no change in

the proportion of monocyte subsets in AAV [18,19]. As

intermediate monocytes express ANCA antigens and acti-

vatory Fcg receptors, and are known to be major secre-

tors of proinflammatory cytokines such as TNF-a [5,12],

it is a little surprising that this cell type is not relatively

increased in AAV. However, the lack of expansion of this

population does not imply that they do not respond to

ANCA, or have a role in the pathogenesis of the disease.

Indeed, our data demonstrate the expression of ANCA

autoantigens in this cell population. In contrast to the

data in AAV, the proportion of intermediate monocytes

has been found to be increased in other inflammatory

diseases, such as rheumatoid arthritis [15,16], and in

patients on haemodialysis [36]. It is of interest that renal

glomerular accumulation of CD16high monocytes has

been associated with lupus nephritis, and that this subset

may be involved with the pathogenesis of glomeruloneph-

ritis in these patients [5]. Whether a similar mechanism

of CD16high-mediated kidney inflammation occurs in

AAV requires further investigation.

There was a wide variation in the percentage of mono-

cytes in each subset between individual subjects, even in

the healthy control population. Each sample was stained

in replicate, and there was< 10% difference in monocyte

proportions between the samples (data not shown), so it

is likely that this represents true biological variation. The

meaning behind heterogeneous monocyte frequency and

phenotype remains to be explored. However, the develop-

ment and roles of the different monocyte subsets has

been described [37]. Reports of interchange or differentia-

tion between mouse monocyte subsets occur [38,39], but

whether this occurs in human monocytes, and its role in

disease, remains to be established. Finally, the relationship

between blood monocyte subsets and further effector

functions of tissue macrophage phenotypes remains enig-

matic and is part of ongoing investigations in many labo-

ratories (reviewed in [38]).

PR3 was expressed more highly in classical and inter-

mediate monocytes, and was expressed at low levels in

non-classical monocytes. In contrast, MPO was expressed

most highly in intermediate monocytes compared with

classical monocytes. It would be interesting to explore in

future studies whether these differences may affect the

ability of ANCA of different specificities to interact with

different monocyte subsets, and consequently affect dis-

ease phenotype. There was a highly significant correlation

between PR3 and CD14 MFI on classical monocytes. A

similar association was also seen for intermediate mono-

cytes (data not shown). There was a significant but lesser

correlation between CD14 and MPO expression on

monocytes. These data cannot imply causality, but suggest

that the expression of ANCA autoantigens and CD14 on

monocytes in AAV are linked. It is interesting that the

correlations were not seen among healthy controls. Cia-

vatta et al. demonstrated epigenetic control of ANCA

antigen expression in neutrophils [40]. It would be of

interest to examine in future studies whether or not the

same is true for monocytes and, indeed, whether CD14 is

regulated in a similar fashion.

In conclusion, we present a descriptive analysis of

monocyte subsets in AAV. We show that AAV patients

exhibit increased CD14 expression on monocytes during

active disease. Monocytes in both healthy individuals and

AAV express MPO and PR3 antigens; however, in AAV,

CD14 correlates with ANCA autoantigen expression. Fur-

ther mechanistic studies are required to investigate if the

increase in CD14 has a role in innate immune response

to microbial infection in AAV and how this may contrib-

ute to triggering disease or relapse.
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Supporting information

Additional Supporting information may be found in the

online version of this article at the publisher’s Web-site:

Fig. S1. Monocyte gating strategy. (a) Monocyte popula-

tions are gated according to forward-scatter (FSC) and

side-scatter (SSC). Doublets are excluded based on width.

Human leucocyte antigen D-related (HLA-DR)1 popula-

tion is selected and gated on CD14 and CD16. Upper left,

upper right and lower right quadrants are selected to gate

on monocytes and exclude DR1 B cells and dendritic cells

(DC). Percentage of classical, intermediate and non-

classical populations are then calculated (see Methods).

Examples of healthy and active anti-neutrophil cytoplasm

antibody (ANCA)-associated vasculitis (AAV) patients are

given. Note the increase in x-axis and shift to the right

(increased CD14) in AAV patient. (b) Example of myelo-

peroxidase (MPO) and proteinase 3 (PR3) expression

from all DR1 monocytes in a healthy donor. Dot-plots

and histogram exported from Accuri C6 software.

Fig. S2. Monocyte subsets subdivided by anti-neutrophil

cytoplasm antibody (ANCA) type. As Fig. 1, except mono-

cyte subsets are subdivided into proteinase 3 (PR3)-anti-

neutrophil cytoplasm antibody (ANCA) or myeloperoxi-

dase (MPO)-ANCA patients, at the time of diagnosis with

ANCA-associated vasculitis (AAV). Each dot represents

individual subjects. (a–c) Percentage of monocytes of each

subset in patients with PR3-ANCA at diagnosis; (d–f) per-

centage of monocytes in each subset in patients with

MPO-ANCA at diagnosis. Rem’n 5 remission. None of the

differences were statistically significant by Kruskal–Wallis

test.
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